The Pacer cavity and its associated primary power loop comprise a recirculating system in which materials are introduced by a series of thermonuclear explosions while debris is continuously removed by radioactive decay, sorption phenomena, and deliberate processing. Safe, reliable, and economical realization of the Pacer concept depends on the removal and control of both noxious and valuable by-products of the fusion reaction. In this paper, mathematical relationships are developed that describe the quantities of materials that are introduced into the Pacer cavity by a series of discrete events and are removed continuously by processing and decay. An iterative computer program based on these relationships is developed that allows both the total cavity inventory and the amounts of important individual species to be determined at any time during the lifetime of the cavity in order to establish the effects of the thermonuclear event, the cavity, the flow, and various processing parameters on Pacer design requirements.
INTRODUCTION
Pacer is a concept to exploit existing thermonuclear technology by utilizing the fusion energy and the neutrons produced by repetitive detonations of thermonuclear devices in a large decoupling cavity located more than a kilometer underground. The ultimate objective of the Pacer concept is to produce electrical power on a national scale, directly, by using fusion energy to drive a steam turbine power plant, as well as indirectly, by using excess fusion neutrons to produce fissile fuel for conventional nuclear power plants.
The Pacer cavity would be cooled by a working fluid, presently considered to be a high-pressure condensable gas. Circulation of this working fluid will transport materials from the cavity to cooler portions of the circulation loop where some materials will precipitate from the coolant gas. Depending on their physical and chemical properties, these precipitated materials may produce corrosive and/or erosive effects, inhibit heat transfer, and otherwise prove generally troublesome, just as they do in conventional (combustionfired) power plants. These considerations suggest that the Pacer working fluid be confined in a primary loop to simplify the initial Pacer design and to allow conventional steam power plant components to be purchased for the secondary generating loop.
While pure-fusion devices and other advanced thermonuclear concepts now under study may eventually provide Pacer with more economical energy sources, our commitment to existing technology dictates that we consider fission-ignited thermonuclear devices of current design as the best source of Pacer power presently available. Safe containment of relatively high-yield, cost-effective devices of this type (approximately 20-50 kilotons) will require underground cavities comparable in size to the largest ever mined for the storage of petroleum products. Cavities of this magnitude require enormous volumes of working fluid. For example, a typical 300-m-diam Pacer cavity could contain nearly a million tonnes of dry steam at approximately 80(l°K and 200 atmospheres pressure.
II. PACER PROCESSING REQUIREMENTS
The debris introduced by the thermonuclear device can be controlled, within limits, by the device design, and the device debris will represent a very small fraction of the cavity volume, even if it is allowed to accumulate. There is no fundamental physical reason for removing fission products or other neutron poisons from Pacer as there is in a conventional nuclear reactor; however, operational considerations may require the removal of device debris from the Pacer power loop. Foremost among these is the probability that some debris may be carried by the working fluid as an abrasive aerosol. Additionally, the intrinsic value of the fertile and fissile debris may make their efficient recovery from the cavity essential to the economic success of Pacer.
In general, all components of the thermonuclear device will be vaporized in the exploding fireball. Extremely fine particles of mixed oxides may remain entrained in the working fluid, may agglomerate into larger particles and settle to the bottom of the cavity, or may adhere to the cavity walls. Some debris will be dissolved in the working fluid along with soluble cavity materials. Gaseous products of combustion, fission product gases, unburned deuterium and by-product tritium will exchange and mix with the working fluid and will also be carried to the surface.
In view of the complexity of the Pacer primary loop and the variety of the products it might contain, it is essential to develop the capability for determining the net inventory of contaminants introduced into the cavity by a repetitive series of Pacer events as they are simultaneously and continuously removed by both deliberate and incidental processes. The following treatment presents a preliminary solution for the problem and one that will serve as the basis for additional refinements as they are developed. This treatment has already been programmed for routine computer calculation in a manner described in the Appendix to this report.
III. PACHR CAVITY RELATIONSHIPS
A number of atoms, N o> of a species of interest is generated instantaneously by the explosion of each of a series of Pacer devices detonated at regular intervals, Tj. This material is generally removed by two first order processes: radioactive decay and the continuous recirculation and processing of a large mass of working fluid, M Q . The working fluid is a diluent for the accumulated quantity N of a particular species, which is partially removed by a natural or induced process having an efficiency for removal, e.
• A p
In general, and for a particular fission product, Ap should include the effects of its radioactive decay as well as its formation as the daughter product in a chain of precursor decay products. Similarly, A p should include all the first-order removal processes, both deliberate and incidental, that involve the species of interest. However, for simplicity, this treatment is restricted to primary formation and removal processes. The more general case will be treated in a subsequent report.
IV. THE PACER SHOT SERIES
A typical plot of the cavity inventory during a series of Pacer events is shown in Fig. 1 , which also serves to establish our nomenclature for an infinite series of Pacer events. Note that after a large number of events, the Pacer inventory begins to "rachet" just below an equilibrium value, N(eq). This occurs when the amount of new material introduced by each shot, N Q , is equal to that removed during the interval between each shot, or when N is sufficiently large so that C approaches 1 in the equation:
C is the convergence factor: a measure of the extent to which Nj(n) approximates the equilibrium value.
The amount of material introduced by the initial shot, and every subsequent shot, 
V. EQUILIBRIUM APPROXIMATIONS
Equation (10) is the analytical solution for the equilibrium value for the species of interest. In fact, this value is approached asymptotically, and, for real systems of interest, very slowly. For our purposes, it has been convenient to define an arbitrary "equilibrium time" by terminating the series solution at C > 0.99. This "equilibrium" value is compared with the analytical solution of Equation (10) as a check.
For small values of ATj, Equation (10) approaches as a limit: N, (eq) N XT r (12) but this approximation applies to long-lived species and extremely inefficient processing --conditions of minimal interest to the Pacer program. When Tj*0, the incremental -XN'(eq) = 0
Tl'is solution is also a trivial one because it fails to consider the basic incremental nature of species production in Pacer and "synthesizes" an average equilibrium value that differs from the true maximum inventory possible in the Pacer cavity. The true equilibrium values will always be .qiven by Equations (10) and (%}, as illustrated in Fig. 1 .
VI. THE RATE CONSTANT X In general, the first-crder rate constant, A, of a given species, is the sum of all first-order processes operating on that species.
X «Vx n . (14)
In practice, however, we are mainly interested in two major depletion processes in Pacer, radioactive decay and the deliberate, or incidental, processing of continuously-circulating working fluid:
where the decay constant, Tables  A-4 and A-5 used less than 3.5 seconds total, including two compilations and assemblies. Fairly long sessions, with many executions of the program, may consume half a minute of CP time. 
